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EXAMINATION TO DETERMINE
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THE BEST SYSTEM OF STREET RAILWAY PROPULSION FOR CHAMPAION.
The object of this paper is; first, to determine the best
system of. street railway propulsion for Champaign. Second, to
r
give a detailed estimate of the cost of constructing and operating 
an over-head electric system in Champaign beginning at the corner 
of Wright and John Streets, going north on Wright Street to Uni­
versity Avenue, -vest on University Avenue to Walnut Street, north 
on Walnut to Main, west on Main to Neil, and north on Neil to the 
C.C.C. and St.L. R.R. track; thence south on Neil to Church street, 
west on Church to Prospect Avenue, south on Prospect Avenue to 
University Avenue, east on University Avenue to Walnut Street, 
and south on First Street to the Fair Grounds, - in all about, four 
miles.
I am indebted to Mr. W.B.McKinley of Champaign, manager of the
(2)
Champaign and Urbana Electric Railway, for some of the data on 
cost of construction and operation of an overhead system. Other 
information was obtained concerning roads in operation from Bloom­
ington, Ottawa, La Salle, and Chicago in Illinois, and Milwaukee 
in Wisconsin.
The Cable System.
This system has long been in general use in many of our larg­
est cities and in some cases stands pre-eminent as, for example, 
where a short haul with a very heavy traffic is encountered or 
where grades of fifteen per cent and upwards are to be surmounted. 
Yet in most cases for smaller towns the disadvantages of tnis sys­
tem more than balance its advantages. Among the disadvantages are: 
First, the great cost of construction. The average cost of 
the first twenty miles of cable track built in Chicago was $100,000
(3)
per mile of single track. This high figure was due, partly to ihe 
cost of raising the street grade and partly to the expense attend­
ing the building, for the first time of machines necessary to pre­
pare the material. The six miles built in 1886 and 1887 were com­
pleted at a cost of $72,000 per mile of single track including 
$12,000 for granite paving, leaving the actual cost of track 
construction $60,000 per mile.
Second, the great cost of operation. Nearly seventy per cent 
(70^) of the energy given by the engines is used in propelling ehe 
cable alone. Many smaller items, such as wear of cable in stopping 
and starting, keeping the sheave and curve wheels in repair, and 
cleaning of the conduit, increase the expenses.
These disadvantages, together with the fact that the labor ac­
count for other items is as great or greater than for any other 
systems make it one of the most expensive systems to operate.
(4)
These are -tfee reasons sufficient for the rejection of the cable 
system for a town of the size of Champaign.
The Electric Conduit System.
In this system the conductors are enclosed in a conduit and 
the connection is made between the car and the wire, through a 
slat under the center of the track. About the only advantage this 
possesses over the over-head system is that the overhead wiring 
and poles, which in large cities are quite objectionable, are 
avoided. But in Champaign this objection is not serious. The main 
objection to the system is its first cost. The conduit alone 
costs over $25,000 per mile. The cost of operating this system 
is about the same as that of the overhead system.
The Storage Battery System.
If this system, which is now in its experimental stage, proves
a success, there is no doubt but that it will supercede the other
(5)
systems.
and
Among its advantages over other electric^cable systems are; 
First, it dispenses with the costly conduit of the cable and elec­
tric conduit systems. Second, it dispenses with tne poles and 
wires of the overhead system.
The objections to it are; First, the excessive weight of the 
batteries, which ofuen weigh several tons. Second, the inability 
to economically surmount grades greater than about six per cent, 
.third, tne lack of eiiiciency of the battery. In actual practice, 
the motors of the storage battery system are capable of giving on­
ly about seventy-five per cent of the energy stored in the battery; 
that is, from a dynamo which transmits one hundred horse-power, 
only seventy-five horse-power can actually be realised on the 
cars. In the over-head system as high as ninty per cent is ob­
tained.
(6)
The Horse System.
Until the last few years this system was, in most of our 
smaller cities, the only one in general use. Since 1887, however, 
horse railways are rapidily being replaced by the overhead elec­
tric system. The most important reason for this is the increas­
ing desire of the people of our western cities for a more rapid
means of transportation. The returns for capital invested are
*
also, as a general rule, greater for the electric than for the 
horse system.
Beiow is an estimate of the cost of constructing a four mile 
line, to be operated by horses, in a town like Champaign.
Table 1.
Cost of Horse System (Four miles)
Land, for stables, car-houses etc, $2,000
Buildings, " " " " 4,000
(7)
Material
Table 1. (continued) 
Rails, 280 tons of 40 lb. rails $10,000
Fish plates, 1408 a $.40 563
Spikes, four to a tie 140
Ties, three feet apart, 1760 per mile a $.50 each, 3,420
Curves, 8 a $25 each 200
Switches, 4 a $250 each M Q 0
Equipments:
*
Eight cars, a $1000 each 8,000
Forty horses, a $125 each 5,000
Harnesses, 800
Laying of track $700 per mile 2,800
Paving with brick $6,500 per mile 26,000
Total cost including paving $63,923
(8)
Table 1. (continued)
Total cost excluding paying $37,923
The Over-head Electric System
This'system seems best adapted for the requirements of a town 
like Champaign. Among its many advantages are, cheapness of con­
struction, and cheapness of maintenance. It can be operated at 
about half the charges of animal power, and fully answers the re­
quirements of the people as to speed.
The only objection to this system is that it is not wholly 
reliable during the winter months. During a snow storm the snow 
and ice get between the wheels and rails and prevent the comple­
tion of the electric circuit; but in Champaign this item is of no 
very great importance.
Oost of the Oyer-head lectric System.
We now come to the second part of the subject, i.e. the esti-
(9.)
mated cost of constructing and operating an over-head system 
for Champaign.
In making out the estimate for cost of construction for any 
kind of a road, numerous details are unavoidably overlooked. It 
becomes necessary to use good judgement in making the proper allow­
ances for labor and variation in price of material etc.
The first item considered is the amount and cost of the land 
required. For the power-house about one and one lots (.10,000 
square .feet) is necessary. A suitable location is between Univer­
sity Ave. and Clark Street, north of Champaign Bottling Works, 
where the necessary land may be obtained at cost of about $2,000. 
For buildings large enough to enclose the engines, boilers, plant, 
etc., about $2500 will be required. For the location of the car 
and tool house, the most advantageous place would be near Fair 
Grounds at end of line, wnere the cost of land and house would not
(10)
exceed $1,000.
To meet accidents, it is best to provide duplicate engines 
and dynamos. From experience it has been found that in calculat­
ing the size of the engine, it is wise to allow about about twenty 
horse-power for each motor car. Threfore the four motor cars of 
this system would require an eighty horse-power engine; but to pro­
vide power for trailers etc., I have taken the engines at one Hun­
dred horse-power. These may be put up ready for operation for 
about $1200 each. It is always advisable to use boilers of higher 
horse-power than that of the engines; therefore, I have taken three 
(3) eighty (80) horse-power boilers, on the supposition that two 
will always be in use. These may be obtained and ut in place for 
about $ 1100 each.
The cost of dynamos, belts, and all station equipments, includ 
ing am-meters, lightning arrestors, switches, etc., would be about 
$50 per horse-power of the dynamos used. Using two T and H dyna-
( I I )
mOB, capacity 500 volts and 100 amperes, tne total cost for elec­
trical appliances would be $5000.
In estimating the cost of the cars I find the average cost of 
a motor car equipped and placed on the track to be about $3,000 
and ordinary trailers $1,000.
The size of the wire depends upon tiie power required- It is 
here taken at five-sixteenths of an inch diamter and costs about 
5.07 cents per foot or $300 per mile.
Table 11.
Cost of Construction of Over-head Electric System. 
Buildings:
Power House brick $2,500
Car and Tool House 1,000
Land, 10,000 sq. feet 2,000
Machinery:
Engines, 2 simple Ideal Engines, capacity 100 H.P.
a $1200, each
(12)
Table 11 (continued)
2400
Dynamos, 2 T and H, capacity 500 volts and 100 
amperes a $2500 each 5000
Boilers.3 eighty horse power a $1100 each 3300
Equipment.
Motor Cars 4 a $3000 each 12000
Trailers, 4 a $1,000 " 4000
Over-head System:
Material:
Over-head Wire $300 per mile - 12000
Poles, $250 per mile 1000
Ratchets $25 per mile 100
Bell Insulators $50 per mile 200
Cross Guy Wire $10 I t 40
Rail-binders $60 11 240
(13)
Table 11 (continued)
Curves 8 a $50 each 
Switches 4 a $40 eadh 
■ Paint for poles, etc. $50 per mile 
Labor, Erection of Over-head ystem $200 per mile 
Track System:
Material:
Rails, 70 tons, 40 lb rails a $2500 per mile 
Fish-plates, 1408 pairs a 40cts 
Spikes, 4 to each tie
V
Ties, 1760 per mile a 50 cts each 
Curves 8 a $25 each 
Switches 4 a $250 each
400
160
200
800
10000
563
140
5520
200
1000
Paving. Brick (l foot each side of track) about
$6500 per mile 26000
(14)
Table 11 (continued)
Labor:
Construction of track $700 per mile 2800
Total cost, including paving, $80763
" " excluding " $54763
Table 111
Cost of Operation of Over-head Electric System.
Power: Coal, wear on machinery, labor etc. $2.50 per day
per car $3650
Superintendent $1200 per year 1200
Labor: Conductors, Motormen etc. $4.50 per day per car 6570
Repairs $2.00 per day per car including oil, waste etc. 2920
Interest on $54,763 a 5/ 2738
Taxes (estimated) 1000
Total Annual Expense $18078
(IS)
The approximate expense of operating a car is about $12.50 
per day. Using 128 miles as the average distance traversed by 
each car per day, the total cost per car mile would be 9.7 cts. 
Taking the average fair to be four cents, we must have an average 
of ten passengers each trip to pay expenses.
The total number of passengers carried over the Champaign and 
Urbana line, now in operation was, for the month of April, 1891,- 
43041, or a daily average of about 551 passengers per car, from 
Jan. 31st to Mar. 2nd of the same year, the total number carried 
was 25898 or a daily average of 463 passengers per car.
Thus we see no reason why, if the same ratio between the num­
ber of passengers and number of cars continue, this system snould 
not be a very profitable investment.
